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Abstract 
Based on power law fluid flow parameters in pipelines from analytical deduce, the mechanism of the commonly used polymer 
drilling fluid can be analyzed. The calculation results will be compared with ordinary Newtonian fluid`s calculation results and 
be verified by the indoor experiment data and application drilling data. Through the MATLAB, the relationship of Power-
law fluid between pressure drop (dp / dl) and flow (Q) and the velocity distribution can be calculated. The results 
show that analysis of polymer drilling fluid with Power-law fluid to strong chip and mechanism of drag reduction is more in line 
with the actual situation and it can deeply reveal that polymer drilling fluid has superior performance of powerful chip removal 
and reduce the flow resistance. 
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1. Introduction 
High molecular polymer solution is one type of clay free drilling fluid, which is slightly similar to the daily use of 
paste and glue and is suitable for the demand of floating debris slag and protection of hole wall in most conditions. 
Polymer drilling fluid`s viscosity can be adjusted in a large range, which has a very good efficiency stick raised. So 
it has strong chip and drag reduction effects. Compared with the clay based drilling fluid, polymer drilling fluid can 
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improve drilling efficiency and replaces clay based drilling fluid in many occasions. And it gets more applications [1-
3]. 
Compared with soil-based drilling fluids, polymer drilling fluid has better shear thinning effect, drag reduction 
and strong chip effect. If the polymer drilling fluid is seen as the Newton fluid, the linear relationship between the 
pump and the pressure drop of drilling fluid. In fact, when the polymer drilling fluid pump capacity increased to a 
certain large, the pressure drop will not increase indefinitely, but the amplitude becomes smaller. 
In order to better explain the strong chip and shear thinning of polymer drilling fluid in the field and laboratory, 
Flow resistance and velocity distribution`s relations are improved by using full analyzing. Flow resistance and 
velocity distribution of Newtonian fluid and Power-law fluid are contrast by cycle test pipeline in the room. And 
combined with field data, we explain the strong chip and drag reduction mechanism of polymer drilling fluid. 
2.  The Analytical Derivation of Flow Resistance and Velocity Distribution 
Fig.1 Speed Map 
 
With the axis of drill pipe as the central axis of symmetry, a drilling fluid cylinder of the drilling fluid is taken out 
in the drill pipe whose radius is R. Pressure difference of the upper and lower end faces of the cylinder is drop. And 
suffered sidewall surface shear stress is Ĳ = k (dv / dr) determined by the power law flow constitutive relation. To 
avoid the negative end of the power function, flow direction of drilling fluid opposites and the longitudinal 
axis instead.  
Mechanical balance: 
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The solution of differential equation: 
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Applying the boundary conditions of V (R) =0, a velocity distribution in the V (R) model can be gotten: 
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And then integrating the velocity distribution, the model of flow Q can be gotten: 
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Thus the formula of dynamic pressure per unit length of the drill pipe of Power-law flow can be gotten: 
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Substituting this result back to the formula (4) and making change negative numbers, the velocity distribution 
formula can be gotten: 
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With the above derivation, the Newtonian fluid`s dynamic pressure per unit length and velocity distribution can 
be calculated:  
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3. Analysis on Mechanism of Polymer 
Polymer materials are widely used as drilling fluid viscosity treatment agent. Polymer drilling fluid is not added 
clay powder, or adding polymer powder or concentrated slurry in water with a small amount of clay powder, 
which can be matched into drilling fluid after mixing. Polymer materials are synthetic polymers (HPAM, HPAN, 
PAV, etc), cellulose (CMC, HEC,etc), natural vegetable gum (konjac powder, sesbania powder, etc), biological 
polymers (XC, ÅàßñÛè, etc). Common features of these polymers are molecular weight, high content of 
organic components. XC macromolecular structure is an example, as shown in Fig. 2. 
The relationship is [¨ ]=K aM  between the Intrinsic viscosity (Ș) and molecular weight of polymer of 
soluble polymer (K, a is a constant temperature of some polymers). The larger the molecular weight of the polymer, 
the higher viscosity of the solution. As the viscosity of clay free drilling fluid, the molecular weight of polymer is 
large and the molecular weight is generally in the 10 million or more. Its amount is controlled below 0.3%~1.0%. 
The drilling fluid's apparent viscosity above can reach 12 mPa.S, funnel viscosity can reach more than 25 S, which 
can suspended particles of a certain size cuttings and have the ability to bond loose wall. And water loss can be 
partially curbed. Macromolecular polymer solution is easily deformed, so it has excellent shear thinning effect. 
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Fig. 2 Bio Polymer XC Molecular Structure 
From the fluidity, due to the high relative content of soft macromolecules in clay free polymer drilling fluid, so 
the degree of consequent deformation is large and can better reflect the shear thinning effect, which helps to reduce 
the flow friction in well. Its principle is shown as Fig. 3.
   
   
Fig. 3 The Principle of Polymer Drag Reduction 
4. Drag Reduction and Mitigation of Heavy Debris Examples Comparison 
Type (5) and (7) are respectively the Power-law model drilling fluid and Newton model drilling fluid`s formula of 
dynamic pressure in the drill pipe. From the type (5) can be seen, the pressure change of power law fluid is a power 
function of flow Q. It increases with the increase of flow, but in the end will tend to a stable value. From equation (7) 
can be seen, the pressure change Newton fluid is a function of flow Q. It has increased along with the increase of 
flow rate. 
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In order to compare the effect of drag reduction, the relation of two kinds of model between the pressure and flow 
by using MATLAB programming can be gotten and the two-dimensional comparison chart can be drawn. 
The example: the drill pipe diameter is 76mm and two kinds of drilling fluid of Newton fluid and Power-law fluid 
which have the same apparent viscosity are configured. Newtonian flow drilling fluid formulations: water +5% DFD; 
Power-law drilling fluid flow formulations: Water +6 ‰ XC. Their Ø600 is 38; Newtonian fluid drilling: Ø300 = 19; 
power law fluid drilling: Ø300 = 29. 
By the formula (5) and (7) combined with MATLAB programming and graphics, the relationship of Newton fluid 
and Power-law fluid between dp/dl and Q can be gotten in Fig. 4. By the formula (5) and (7) combined with 
MATLAB programming and graphics, we can get flow velocity distribution of Newton fluid and Power-law fluid in 
pipe, as shown in Fig. 5. 
 
Fig. 4 The Relationship Between Pressure and Flow of Newton Fluid and Power-law Fluid in Pipe 
Fig. 5 The Flow Velocity Distribution of Newtonian Fluid and Power-law Fluid in Pipe 
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From Fig. 4, we can Newtonian drilling fluid pressure loss (dp / dl) and flow (Q) in linear relation with the 
increase of flow rate, the pressure loss (dp/dl) of increase in. The pressure loss of Power-law drilling fluid with flow 
rate (Q) increases more and more little, the curve tends to be gentle. When using polymer drilling fluid, the pump 
pressure increase is also becomes smaller with increasing pump capacity.  
We can see from Fig. 5, the Newton fluid in laminar flow velocity distribution is a parabola. At the center 
velocity is high and the force is large. Near the sides velocity is low and force is small. This leads to "turn on the 
wall" phenomenon, the carrying efficiency is low, easy to cause sticking, the resistance becomes large. Power-law 
fluid`s velocity distribution is in a flat plate type and velocity distribution. This makes little effect on lining erosion 
and is conducive to the wellbore stability, so as to realize the strong chip removal effect. 
5. The Laboratory and Field Data Validation 
To further verify the relation of polymer drilling between hydraulic pressure drop (dp/dl) and flow (Q), we design 
the circulation line in the laboratory, as shown in Fig. 6. The circulation line uses the screw pump to provide power 
and with the pressure gauge in line, which records the pressure in pipeline. And the pipeline is equipped with flow 
meter, which directly output flow rate in the pipe on the computer. 
Laboratory configuration of polymer drilling fluid formulation: water +5 ‰ (XC). Ø600=31, Ø300=22. Pipe 
diameter (D) is 28mm. According to the formula (5) and (7) we can calculate the relation of polymer drilling fluid 
between pressure drop (dp/dl) and flow (Q) in the Newton regime and the power law model, as shown in Table 1. At 
the same time, we use the circulation line in figure 6 to test corresponding pressure drop (dp/dl) and flow (Q), as 
shown in tab. 1. The Newton regime, Power-law model and the measured data can make the relation graph of the 
pressure drop (dp/dl) and flow (Q), as shown in Fig. 7. 
 
Fig. 6 The Laboratory Cyclic Test Line 
Table 1 Comparison of Calculated and Experimental Data 
Q/L/min 40.2 57.3 74.8 90.5 106.9 119.9 125.2 136.6 143.6 
Calculation 
results of 
dp/dl /Pa 
Newton 
fluid 976.2 1393.1 1816.8 2199.6 2599.4 2913.8 3043.7 3320.5 3491.3
Power-law 
fluid 1404.8 1675.1 1940.3 2089.8 2220.7 2333.3 2365.9 2454.4 2489.1
Experimental results of 
dp/dl /Pa 1386.2 1714.5 1934.2 2079.8 2230.9 2343.3 2355.5 2464.3 2499.7
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Fig. 7 The Relation of Polymer Drilling Hydraulic Pressure Drop (dp/dl) and Flow (Q) 
From Tab. 1 and Fig. 7, the polymer drilling hydraulic pressure drop (dp/dl) and flow (Q) measured and 
calculated in the power-law flow results are very close, the curve is also very consistent with the increase of flow 
rate, the pressure drop increase more and more. 
Combined with observations of Yemaquan mining area in Qinghai geological exploration field, we know that 
ZK10425 uses polymer drilling fluid to drill in the 400m. The formula is 2%K12+0.5%PHP+0.2%MV-CMC. Its 
characteristic Ø600 = 34.5, Ø300 = 24.5. BW160/10 mud pump in site is equipped with four stalls, which are 44L/min, 
67 L / min, 107 L / min and 160 L / min. In the 400m pump pressure was 1.4MPa, 2.0 MPa, 2.4 MPa and 2.5 MPa 
when drilling through four stalls. Other drilling boreholes using polymer drilling fluid have similar rules in 
Yemaquan area. The pump pressure increase with pump increases more slowly when using polymer drilling fluid. It 
is well with the relationship between fluid pump and pump pressure of the Power-law. 
6. Conclusions 
x The relationship of Power-law fluid in pipe between pressure drop (dp / dl) and flow (Q) and the velocity 
distribution are improved using the analytical derivation. 
x The mechanism of polymer in polymer drilling fluid and the polymer drilling fluid drag reduction and chip 
removal mechanism are analyzed. Through the MATLAB, the relationship of Power-law fluid between pressure 
drop (dp / dl) and flow (Q) and the velocity distribution can be calculated.  
x The data measured by circulating pipeline in laboratory and the date in Yemaquan mining area are compared with 
the calculation results in Newton fluid and Power-law fluid. Relation of polymer drilling fluid pressure drop 
(dp/dl) and flow (Q) is more consistent with the Power-law fluid regulation. And using Power-law fluid to 
analyze the mechanism of polymer drilling fluid`s strong chip and drag reduction is more in line with the actual 
situation. At the same time, polymer drilling fluids have superior performance of powerful chip and can reduce 
the flow resistance. 
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